Objective: To examine patients with metastatic gastroenteropancreatic neuroendocrine tumors (GEP-NETs) who receive sequential treatment with somatostatin analogs. Materials and Methods: This retrospective chart review examined lanreotide depot/autogel tolerability and efficacy among GEP-NET patients who received lanreotide after octreotide long-acting release (LAR) at Tufts University Medical Center. Information obtained included background patient characteristics, dosing, adverse events (AEs), radiologic response, and biochemical markers. Results: Patients (n = 16; 43-81 years; mean age, 64.25 years; 11 female) with nonfunctional, low-grade GEP-NETs receiving octreotide LAR 30-60 mg were transitioned to lanreotide because of patient decision (n = 6), disease progression (n = 6), AEs (n = 2), poor tolerance (n = 1), and injection discomfort/pain (n = 1). Lanreotide doses started at 120 mg (n = 13), 90 mg (n = 1), or 60 mg (n = 2); 8 patients received concomitant therapies, mostly liver-directed (radiofrequency ablation/radioembolization). AEs associated with lanreotide experienced by ‡2 patients were fatigue, diarrhea, nausea, hypertension, pancreatic enzyme deficiency, and hyperglycemia. Radiologic treatment responses of the combination of lanreotide with other therapeutic modalities included complete response (n = 1), partial response (n = 5), and stable disease (n = 9). One patient had radiologic progression. Serum serotonin and chromogranin levels decreased, but urinary 5-hydroxyindoleacetic acid levels appeared relatively unchanged. Conclusion: Among post-octreotide GEP-NET patients, including those with disease progression or poor octreotide tolerance, lanreotide alone or with concomitant therapies was well tolerated and associated with radiologic responses.
Introduction
The incidence of neuroendocrine tumors (NETs) has increased markedly in the United States over the past several decades. The U.S. Surveillance, Epidemiology, and End Results (SEER) database, for example, shows a 6.4-fold increase in NETs from 1973 to 2012 (1.09-6.98 per 100,000 persons). 1 For gastroenteropancreatic neuroendocrine tumors (GEP-NETs), the overall incidence was 3.56 per 100,000 persons between 2000 and 2012. Across all NET patients, median overall survival was the highest for NETs in the appendix (>30 years) and rectum (24.6 years), while NETs in the pancreas showed the lowest median survival (3.6 years). 1 Evaluation of somatostatin receptor expression in human tissues is complicated by the fact that there are five receptor subtypes (SSTR1-SSTR5). 2 Only a limited number of studies have comprehensively investigated the expression of all five of the SSTR subtypes, and thus knowledge regarding the correlation of their expression with clinical outcomes in NET is incomplete. 3 An assessment of SSTR receptor subtypes in NETs revealed that 51% of cases highly expressed SSTR2, 47% SSTR1, 43% SSTR5, 36% SSTR4, and 23% SSTR3. 3 A high expression of both SSTR1 and SSTR2 was found more frequently in pancreatic NETs and small intestinal NETs than in other NETs. 3 It is important to note that octreotide and lanreotide, both of which are synthetic somatostatin analogs (SSAs), primarily bind to SSTR2 and SSTR5. 3 The randomized, double-blind, placebo-controlled Controlled Study of Lanreotide Antiproliferative Response in Neuroendocrine Tumors (CLARINET) was the largest trial and one of the few trials conducted to compare long-acting lanreotide depot/autogel (n = 101, hereafter referred to as lanreotide) with placebo (n = 103) among patients with primary NETs in the pancreas, midgut, or hindgut. 4 Progression-free survival (PFS) was the primary efficacy end-point of CLARINET. There was significantly prolonged PFS among patients treated with lanreotide (median PFS not reached vs. 18.0 months; p < 0.001; hazard ratio for progression/death for lanreotide vs. placebo, 0.47; 95% confidence interval [CI], 0.30-0.73). 4 The estimated rates of PFS at 24 months were 65.1% (95% CI, 54.0-74.1) versus 33.0% (95% CI, 23.0-43.3) for the lanreotide and placebo groups, respectively. A greater number of patients in the placebo group (n = 58) than the lanreotide group (n = 30) had centrally assessed disease progression events. Two patients from each of the groups died. The most commonly reported treatment-related adverse events (AEs; >10% of patients) were diarrhea (26% in lanreotide group and 9% in placebo group) and abdominal pain (14% in lanreotide group and 2% in placebo group). A follow-up of CLARINET published 2 years later further demonstrated the long-term safety and tolerability of lanreotide. 5 The treatment goals of NETs include suppressing tumor growth and controlling the symptoms of carcinoid syndrome. 6 The primary objective of the Evaluating Lanreotide Efficacy and Safety as a Carcinoid-syndrome Treatment (ELECT) study was to determine whether there was a clinically meaningful difference between lanreotide (n = 59) and placebo (n = 56) groups in the use of daily short-acting subcutaneous rescue octreotide as a correlate of improved symptom control. 6 Inclusion criteria were carcinoid (neuroendocrine) tumor or one on an unknown location with liver metastasis and a history of carcinoid syndrome. The adjusted mean (95% CI) percentage of days of rescue octreotide use during the 16-week double-blind phase was significantly lower in the lanreotide group (33.7% [25.0-42.4]) than the placebo group (48.5% [39.6-57.4]), with a betweengroup absolute difference of À14.8% (95% CI, À26.8 to À2.8; p = 0.017). From baseline to week 12, global health status/quality of life, gastrointestinal symptoms, and endocrine symptoms all improved among lanreotidetreated patients, while the placebo group experienced lesser improvements or no changes (95% CIs for adjusted treatment differences were wide and favored the lanreotide group). Excluding diarrhea and flushing, which were assessed separately in this study, no AE occurred in >9% of patients, and few AEs were serious (n = 2 [3.4%] for lanreotide vs. n = 5 [8.8%] for placebo). 6 These results indicate that treatment with lanreotide could reduce the number of days that treatment with rescue octreotide is required.
Despite the fact that primary treatment for metastatic NETs often includes SSAs, 7, 8 the tolerability of sequential use of SSAs for GEP-NETs, including octreotide followed by lanreotide, has not been studied in depth. Although octreotide is not approved by the U.S. Food and Drug Administration (FDA) for treatment of GEP-NETs, 9 a few studies have been conducted to measure the safety and efficacy of treatment for NETs. One of these was a randomized, placebo-controlled study that included patients with metastatic midgut NETs. The results showed that octreotide long-acting release (LAR; n = 42) stabilized tumor growth, prolonged time to tumor progression, and improved long-term survival compared with placebo (n = 43). 10 Lanreotide 120 mg administered as a deep subcutaneous injection is approved by the FDA for treatment of GEP-NETs in patients with unresectable, well-or moderately-differentiated, locally-advanced, or metastatic GEP-NETs to improve PFS. 11 Recently (September 2017), the same dosage was approved by the FDA for the treatment of carcinoid syndrome in adults to reduce the frequency of short-acting SSA rescue therapy. 11 The objectives of this case series included assessing the safety, tolerability, and efficacy of lanreotide in patients with various GEP-NETs who were previously treated with octreotide LAR.
Materials and Methods

Study design
Institutional Review Board (IRB) approval was granted before the initiation of this retrospective chart review that was conducted at the Tufts University Medical Center. The procedures followed in this study were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Declaration of Helsinki. Included patients had NETs and received lanreotide following octreotide LAR.
Each patient was evaluated by an oncologist or their nurse every 4 weeks before receiving subsequent lanreotide injections. All patients received deep subcutaneous injections of lanreotide, with the exception of one individual who received one injection of lanreotide by intramuscular route.
Assessments and outcome measures
The information obtained from patient charts included demographic data, tumor stage/grade, SSA treatment/ dose, AEs, radiologic response, and baseline/current levels of biochemical markers (chromogranin A [CgA], urinary 5-hydroxyindoleacetic acid [5-HIAA; primary metabolite of serotonin], serotonin, gastrin, pancreatic polypeptide, and adrenocorticotropic hormone). Treatment response, assessed radiologically, was defined as complete response (CR), partial response (PR), stable disease (SD), and disease control rate (CR+PR+SD). [12] [13] [14] Radiologic imaging, including computed tomography scans of the abdomen, pelvis, and chest, were performed every 3 months, and patients who underwent liver-directed therapy also received dedicated magnetic resonance imaging (MRI) along with an additional MRI scan within 8-12 weeks of the procedure. An octreotide scan was performed only at baseline and 6-12 months later to confirm disease progression and/or response. Serologic tumor markers were evaluated at each visit, and 5-HIAA was collected in 24-h urine samples every 3-6 months.
Results
Patient characteristics
A total of 16 patients (11 female, 5 male; age range, 43-81 years; mean age, 64.3 years) with nonfunctional and low-grade NETs were included in this retrospective chart review (Table 1 ). The primary tumor locations are presented in Table 1 and included 9 intestinal, 4 pancreatic, and 3 unknown. The locations of metastatic sites, along with stage (all of which are III or IV) and histology, are also presented in Table 1 . Each of the 16 patients had been receiving octreotide LAR 30-60 mg for a median duration of 6.5 months (range 3-36 months) and were transitioned to lanreotide because of patient decision (n = 6), disease progression (n = 6), AEs (n = 2), poor tolerance (n = 1), and injection discomfort/pain (n = 1; Table 2 ). The starting doses of lanreotide were 120 mg (n = 13), 90 mg (n = 1), or 60 mg (n = 2) every 28 days, based on renal dysfunction. At the time the results reported here were quantified, the median number of lanreotide cycles was 5.23 (range 2-10); however, all but 1 patient is still receiving lanreotide. Concomitant therapies were noted in 8 of 16 patients, including radiofrequency ablation (n = 3), yttrium-90 transarterial radioembolization (Y 90 TARE; n = 1), chemotherapy (n = 1), surgery (n = 1), chemotherapy+Y 90 TARE (n = 1), and chemotherapy+surgery (n = 1; Table 3 ).
Adverse events
During the observation period, AEs affected 11 of the patients; gastrointestinal AEs (diarrhea, nausea, constipation, and abdominal pain) were the most common (n = 6) and were considered to be associated with lanreotide (Table 4 ). Other AEs experienced by more than 1 individual included fatigue (n = 3), hypertension (n = 2), hyperglycemia (n = 2), and pancreatic exocrine enzyme deficiency (n = 2).
Tumor response
Radiologic treatment responses of the combination of lanreotide with other therapeutic modalities were CR (n = 1), PR (n = 5), or progressive disease (n = 1). Overall disease control (a combination of CR+PR+SD) was achieved in 15 of 16 patients (93.8%) at the end of the study. Five patients achieved PR; however, it is important to note that all of these patents also received concomitant liver-directed treatment: radiofrequency ablation (RFA) in 3 patients and Y 90 TARE in 2 patients. One patient had no evidence of disease after surgical resection (CR). In addition to these patients, 9 others still had SD at the end of the study period.
Biochemical response
Numerical decreases in CgA levels after initiation of lanreotide treatment were observed in 15 of 16 patients (range of CgA levels changed from 7-2555 nmol/L at baseline to <5-440 nmol/L after treatment; Table 3 ). Urinary 5-HIAA values, available for 7 patients, ranged from 17.3-120.3 lmol/day at baseline to 16.2-83.7 lmol/ day after treatment. Serum serotonin ranged from <56.8-7320.8 nmol/L at baseline to <56.8-3024.8 nmol/L following initiation of lanreotide. Decreases in other serologic markers were noted in 4 patients, including gastrin (n = 2), pancreatic polypeptide (n = 1), and pancreatic polypeptide and adrenocorticotropic hormone (n = 1).
Discussion
This retrospective analysis reports the safety, tolerability, and efficacy of lanreotide in patients with various GEP-NETs who were previously treated with octreotide LAR. Lanreotide was well tolerated among these patients, including those who experienced disease progression or lack of tolerance on octreotide LAR. As a part of multidisciplinary management of these patents, many of them received concomitant treatment with other modalities, especially liver-directed therapy. Overall disease control (a combination of CR+PR+SD) was >90% in our study, including CR in 6%, PR in 31%, and SD in 56%. One patient had no evidence of disease after surgical resection (CR), while the patients with PR had received concurrent liver-directed therapy as described in the Results section. In 2016, Phan et al. reported on tumor response in the CLARINET study of lanreotide depot versus placebo in patients with metastatic GEP-NETs. Among 110 patients who were on the lanreotide arm, 2 patients achieved a PR and 65 demonstrated SD (44/103 patients receiving placebo). 15 The most common AEs reported in these patients were consistent with those reported in previous studies of lanreotide. 4, 5 These results also noted the use of lanreotide in a patient with moderate renal dysfunction. In this patient, lanreotide was started at 60 mg and was titrated up to a maximum tolerated dose of 90 mg. This is noteworthy because dose adjustments of lanreotide depot for moderate renal impairment are currently only recommended for acromegaly patients. 11 The outcomes of this study also demonstrated best tumor response of SD, PR, or CR in all but 1 patient during lanreotide treatment. Of note is that this case series included a small number of patients with GEP-NETs, which is a limitation, as is the retrospective nature of the analysis. Also, half of the patients (8/16) were receiving concomitant therapies, mostly liver-directed therapies, including radiofrequency ablation and transarterial radioembolization. Several patients received concomitant chemotherapy. Among these patients, gastrointestinal AEs, including diarrhea, were either absent or reported as low grade despite receiving concomitant chemotherapy containing capecitabine or irinotecan, 2 of the well-known systemic cytotoxic agents associated with dose-limiting toxicities, including diarrhea.
Following sequencing from octreotide to lanreotide, reductions in the levels of CgA were observed in 15 of 16 patients, with the most substantial reductions occurring among those who had the greatest levels before treatment with lanreotide. Currently, CgA, which can be identified in patients with GEP-NETs by immunohistochemistry, is widely used as a neuroendocrine marker, especially among patients with well-differentiated NETs. [16] [17] [18] Despite its utility, the use of CgA has some limitations, including a lack of international standardization. 16 In addition, recent research has raised a question of whether CgA acts more effectively as a diagnostic biomarker than as a method for identifying the risk of metastasis. 17 However, the results of a pharmacokinetic /pharmacodynamics model analysis using CLARINET data suggest that change in CgA over time is a relevant covariate/predictor of PFS in GEP-NETs among patients who are either untreated or treatment-naive 18 ; similar findings have been reported elsewhere. 12 The efficacy of utilizing 5-HIAA as a prognostic marker among individuals with GEP-NETs has not been definitively established. Several studies have concluded that increased levels of urinary 5-HIAA can be associated with decreases in survival. 19, 20 However, a 21 These confounding results clearly indicate that additional research regarding prognostic markers is still needed.
The prescribing information of lanreotide produced in 2014 includes renal dose adjustments for acromegaly, 11 which should be considered when treating patients. Specifically, acromegaly patients with moderate to severe renal impairment should receive an initial dose of 60 mg by deep subcutaneous injection every 4 weeks for 3 months, followed by dose adjustments, as described for non-renal-impaired patients. It is stated that caution should be used when considering an extended dosing interval for acromegaly, including 120 mg every 6 or 8 weeks, among patients with moderate or severe renal impairment. However, no dose adjustments are recommended for mild to moderate renal impairment in patients with GEP-NETs, and currently there are no data available for dosing recommendations in GEP-NET patients with severe renal impairment. Additional studies not only provide information pertaining to severe renal impairment but also help define efficacy and safety in patients who were previously treated with octreotide or another SSA. We are currently conducting a retrospective medical chart review that is designed to include data obtained from *100 patients (ClinicalTrials.gov number NCT03112694). The objectives of that retrospective analysis include evaluating the efficacy and safety of lanreotide in a real-world setting, providing additional information on lanreotide efficacy and safety following treatment with octreotide, assessing both quality of life and patient satisfaction, and identifying the reasons why patients transitioned from octreotide to lanreotide.
In summary, treatment with lanreotide was well tolerated among patients with GEP-NETs when given alone or in combination with other treatment modalities, including radioembolization, radiofrequency ablation, and chemotherapy. Dose escalation was also well tolerated in a patient with moderate renal dysfunction. To our knowledge, results from this retrospective analysis also documented for the first time a clinical, biochemical, and radiological benefit of transitioning patients with GEP-NETs from one SSA (octreotide LAR) to another (lanreotide).
